Abstract-The approach to taking into account the spatial variability of soil properties during decision making in agroecosystem management has presented. The approach is based on the quantitative indicators of plants production process (wheat crop) obtained by using a dynamic model of the agricultural plants production process AGROTOOL. The studies were conducted in the environment of a special software package that is based on the integration of the dynamic model AGROTOOL and GIS. Computer simulations data allowed identifying the conditions under which the influence of the soil hydrophysical characteristics variability on the crop production exists or disappears.
I. INTRODUCTION
In agricultural land, understanding the controls on soil moisture variation can improve precision fertilizer, manure and crop yield management [1] [2] [3] . Identification and prediction of soil moisture controls at different scales thus remain important in a wide range of agronomic, hydrological, and environmental studies [4] [5] [6] . Understanding and characterizing spatio-temporal variability of soil water content presents one of the major challenges in modern soil physics [4, [7] [8] [9] . Spatial variability of soil water content was interpreted using several modeling approaches that accounted for spatial variability in soil hydrophysical properties and precipitation [3, [10] [11] [12] . Both local controls, such as vertical dominant fluxes governed by soil hydraulic properties and vegetation, and non-local controls, such as lateral processes induced by topography or climate variability, affect spatio-temporal fields of soil water contents [13] . In this context, the inclusion of spatial variability of hydrophysical parameters in the information support management decision-making systems with GIS technology for agricultural landscapes is an actual task [3, 14, 15] .
Development of approaches taking into account spatial variability of hydrophysical properties of soils during plants production process simulation (wheat crop) using the AGROTOOL model [16] in order to decision making support in practical adaptive landscape agriculture is the aim of this work.
To research the impact of spatial variability of soil properties on yield process a special informationanalytical system has been developed. It consists of a GIS coupled with AGROTOOL for soil hydrophysical properties modeling software package developed also has been included in the system [8] .
II. EXPERIMENTAL DATA
The studies were conducted on the basis of GIS database, which describes the agriculture landscape of Menkovo Experimental Station of Agrophysical Research Institute, located in the Leningrad region. Results of mathematical modeling for the yield production process of wheat on the field of 3 hectares have presented. In order to determine the values of hydrophysical soil properties of this field and to create the GIS database six soil profiles were developed on a 1 m depth to take soil samples (of three texture classes) from all genetic horizons of the soil profile (see Figure 1 ). In every of these horizons experimental studies following indicators of soil needed for the modeling with AGROTOOL were determined: soil hydrological constants (hygroscopic water content, wilting point, field capacity and porosity), bulk density, solid particles density and saturated hydraulic conductivity of soil. These data allow us to conduct a fully simulation the water retention curve [8, [16] [17] [18] [19] .
To select the sampling points GIS technology is used. Some results of laboratory studies of the samples are shown in the Table I . These data were obtained on a pneumatic press (Soilmoisture Model 1000 Pressure Membrane Extractor, 15 bar). Sample points are shown on Figure 2 . For the research in the GIS database square parcels of 0.125 ha areas were formed. The attributes of these objects were calculated from data from a table 1 with a resolution of 10 cm in the soil profile (vertical direction) to the depth of 1 m. On Fig.2 the objects of simulation and their centroids, the sample points designated with 30-35 (see Table I ) are shown. On Figure 3 it can be seen thematic maps shown a content of the GIS database. Figure 3 presents a data analysis in GIS on hydrophysical soil properties of the test field which demonstrates the variability of these properties. As the main indicator of the interest for a crop production a range of available moisture was chosen. The variability of this index from 0.11 to 0.17 сm 3 ⋅сm -3 can be seen. In this case, the maximum values are achieved in different layers of the soil profile and in different parts of the field. According Figure 3 , substantial variability of hydrophysical properties of the soil on the experimental field has been discovered.
III. RESULTS AND DISCUSSION
As a result of the simulation experiments it was found that the degree of hydrophysical soil properties variability horizontal and vertical directions was significantly affected by weather conditions, in particular precipitations.
The simulation experiments were conducted for the period 2007-2013 with the spring wheat. The results show that the variability of yield and wheat phenological phases was only observed in 2008 and 2011 years. For example, the variability in the phases of the development for these years was more than 5 days, whereas for the other years the variability of yield and the phases were not observed (see Figure 4 ). An explanation for this fact can be offered on the base of an analysis of the dynamics of soil moisture in the first meter of soil, which is one of the simulation results in AGROTOOL and is determined for each day of the growing season. Specific weather conditions have created favourable moisture reserve in the first meter of soil in 2007, 2009 and 2010. In 2008 the dynamics of soil moisture during the growing season has a characteristic dome shape with a concave bottom, which is unfavourable for wheat yield process and increases the effect of the variability of hydrophysical characteristics. In 2010 the dynamics of the curve of soil moisture has a bulge up on the contrary, which is favourable for wheat yield process and eliminates the effect of the variability of soil hydrophysical properties.
IV. CONCLUSIONS
The paper presents the methodological approach to accounting the spatial variability of hydrophysical soils properties. The information-analytical system consisting of a GIS and simulation model AGROTOOL had been developed. The system allows carrying out computer experiments to reveal an impact of the spatial variability of hydrophysical soils properties on crop yield. The computer experiments data have demonstrated that the dynamics of soil moisture during whole vegetation period plays a key role in the impact degree. The examples give evidence of the approach efficiency.
